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ABSTRACT 
  
Current models of adaptation to climate change focus on common causes of vulnerability 
among individuals and communities in an attempt to improve their capacity to adapt. These 
models tend to neglect the impact on vulnerability of local relationships that include political 
and economic power structures. We use social network analysis to examine the connectivity 
and positions of vulnerable rural households and their capacity to adapt. We collected 
empirical data from a community of 58 smallholders in upper west Ghana on external 
relations with 'local actors' that are independent, operate beyond the community yet have 
direct relations with the community. These connections provide important resources and 
knowledge to build adaptive capacity that would not be generated from within the 
community. Our results highlight that certain external relations expose households to 
knowledge and other forms of capital, which in turn strengthen their ability to access and 
mobilise resources to respond to environmental change. However, not all external relations 
offer equal opportunities, which results in a stratified community and variation in the 
households’ capacity to adapt. The network approach also identifies points where local 
actors can link communities and households to remote agencies crucial for planning and 
implementing effective adaptation. 
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1. Introduction 
The design and delivery of effective strategies to improve the capacity of vulnerable rural 
populations in developing countries to adapt to climate change is complex. This complexity 
originates from the scale and nature of both climate change and adaptive capacity that cuts 
across sectors, populations and geography (Adger et al., 2005, Berkes and Folke, 1998, Cash 
et al., 2006, Ostrom, 2010). It is particularly important for agriculture (Sage, 2013), which is 
the largest source of income and jobs for poor rural households, supporting 40% of global 
population and providing 80% of food consumed in most of the developing world (UN, 
2012). Higher temperatures in many regions reduce crop yields and changes in rainfall 
increase the risk of crop failures and poor production (Nelson et al., 2009). Consequently, 
the many actors within agriculture must collaborate and combine their expertise and 
resources to tackle the threat from climate change. This requires specific strategies for the 
rural vulnerable as well as active cooperation among independent bodies (Chiotti and 
Johnston, 1995). In this paper, we focus on rural agriculture communities and their 
interactions with outside actors to study adaptation to a changing climate. 
 
Managers in developing countries are increasingly emphasising human vulnerability and 
strategies for increasing capacity to adapt to climate uncertainties (Adger and Kelly, 1999, 
Heltberg et al., 2009). Community action, especially in a rural setting, has emerged as the 
preferred level for most initiatives as this is where the main impacts of climate change are 
experienced and thus where the most effective and timely responses are required (Lyle, 
2015, Ostrom, 2010, Satterthwaite, 2011, Schipper et al., 2014). While community action is 
gaining attention, it often underemphasises the role of variation within a community. 
Communities can face similar threats, but the capacity of any individual or household to 
cope and adapt to these threats largely depends on their personal networks, attributes, 
livelihoods and capital bases (Notenbaert et al., 2012, Vincent, 2007). Rural farmers, faced 
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with drought, that have alternate sources of income may make the difference between ruin 
and survival. It is, therefore, important not only to examine action at the community level 
but to also delve into the community to target help. Strategies that fail to recognise 
individual differences and the contingencies and synergies between different adaptive 
processes and pathways (Thornton and Manasfi, 2010) may be unproductive and even 
exacerbate vulnerability.   
 
The progress of adaptation in developing countries from theory and policy to 
implementation depends upon the important role of actor networks (Agrawal, 2010, Yaro et 
al., 2015). The scientific literature recognises that strong networks are essential for 
improving everyone’s adaptive capacity (Bodin and Crona, 2009, Cassidy and Barnes, 2012, 
Cleary and Hogan, 2016, Füssel and Klein, 2006), but there is very little published about the  
methods and analysis of such human systems or complex local networks required for 
adaptation. This paper uses social network analysis (SNA) to examine community relations 
with outside actors to understand better how they influence social structure and in turn 
adaptive capacity, which would not otherwise be apparent from traditional community-based 
research. We draw attention to relationships, network structures and network positions as 
crucial to understanding the adaptive capacity of both households and the community. Social 
network analysis (SNA) is an innovative theoretical and methodological approach for 
analysing community structures through visualising and measuring members’ relations with 
outside actors (Marsden, 1990, McCarty and Bernard, 2003).  
 
We apply SNA to the external relations of a rural community of 58 smallholders in Upper 
West Ghana with ‘local actors’. We define local actors as those that are independent, operate 
beyond the community yet have direct relations with households. These local actors provide 
important resources and knowledge that would not be generated from within the community. 
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Our research has two key objectives. First, we seek to understand the potential effect of 
external relations upon community structure and the network positions of households with 
the community through local actor networks. Second, we seek to map the association 
between the network positions of households and their capacity to adapt by using selected 
household adaptive capacity indicators and network measures.  
 
 
2. Theoretical development  
In this study we apply a multi-disciplinary approach, using ideas from climate vulnerability, 
adaptive capacity and networks to study adaptation in rural communities. The concepts that 
underpin our research are often subject to wide interpretation both in practice and in theory. 
Our focus is on the broad climatic challenges faced by agriculture in rural communities and 
the role of local networks in shaping capacity to adapt to these challenges. 
 
2.1. Vulnerability and adaptive capacity  
Human adaptive capacity and vulnerability are interrelated and have been widely discussed 
in the literature (Adger, 2006, Ribot, 2010, Smit and Wandel, 2006). The often-cited United 
Nation’s Intergovernmental Panel for Climate Change definition of vulnerability is the 
“degree to which a system is susceptible to, or unable to cope with, adverse effects of 
climate change, including climate variability and extremes” (McCarthy et al., 2001).  
Simply, vulnerability is exposure and sensitivity of a system to hazardous conditions. 
Adaptation is a manifestation of the capacity to reduce the vulnerability of a system, region 
or community to survive the consequences of climate change or exploit beneficial 
opportunities (IPCC, 2014). Availability of adaptive measures does not necessarily reduce 
vulnerability because it requires people’s capacity to implement those measures (Füssel and 
Klein, 2006), which is often a question of political and economic power rather than simply 
adaptive capacity (Ribot, 2011). System level action is important because it emphasises 
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the interplay between social and ecological schemes but it neglects inequalities within 
societies. Societies are often severely stratified, in terms of opportunities, power, influence 
and access to resources (Lenski, 1966). For our study, we focus on vulnerability and 
adaptive capacity at both the community and household levels. 
 
Adaptation programmes focused on agriculture and food security are designed to help 
vulnerable populations as well as the broader ecosystem cope with climate change. 
Populations are assessed to identify how best to assist them based on their socioeconomic 
and environmental characteristics, such as age, poverty, climatic risks and the ability to 
choose strategies that are important to them (Chaudhury et al., 2016a, Füssel and Klein, 
2006, Ribot, 2010). The current models for adaptation, however, face several challenges. 
The first is that adaptation does not have a widely accepted definition (Füssel, 2007, Smit et 
al., 2000). Adaptation measures are usually constrained by complex links between social and 
ecological systems (Berkes and Folke, 1998) as well as human and biological activity 
(Thornton and Manasfi, 2010).  Second, adaptation is seldom an exclusive response to 
climate change but also to wider development deficits. (Berrang-Ford et al., 2011). Efforts to 
separate adaptive from development measures are often futile (McGray et al., 2007). The 
development field is widely studied and has its fair share of critics who draw attention to 
problems of power, agency, political and cultural bias, and neoliberal capitalist-incentive 
approaches (Ferguson, 1990, Mosse, 2004). These critiques have generated various solutions 
for reducing vulnerability and improving capacity to adapt, with differing emphasis on 
governments, markets, and communities to lead the process (Chambers, 1994, Mikkelsen, 
2005). Evidence, however, suggests that no single model works in all circumstances (Adger 
et al., 2005, Ostrom, 2010) but they all share a common focus that addresses local 
vulnerability, while drawing on different methods.  
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Despite the ambiguity in defining vulnerability and adaptive capacity, considerable progress 
has been made to develop indicators for measuring local adaptive capacity (Thornton and 
Manasfi, 2010, Vincent, 2007). Based on published research, we have identified several 
household adaptive capacity indicators for analysis (refer to Table 2 in Section 4 – Research 
Design and Methodology). These indicators enable households to respond effectively to 
unexpected challenges, adopt remedies and take advantage of new opportunities to improve 
their capacity to adapt (Jones et al., 2010). Although it is challenging to measure adaptive 
capacity, we will relate these indicators to the connectivity of the rural households to 
understand the link between the two. 
 
2.2. Adaptive capacity and local actor networks 
Managers focus exclusively on causes common to all units when faced with models for 
adaptation that are based on factors of vulnerability occurring within and not between social 
units (such as individuals, households or communities). Efforts are then directed to alter 
these attributes in order to improve capacity to adapt to threats. However, most vulnerability 
driven models tend to overlook that individuals do not exist in isolation but function within 
an interactive society, characterised by unequal power relations (Cameron, 2012). These 
interactions often include many other external actors who may provide knowledge and 
resources that help those coping with climatic challenges. The literature identifies several 
determinants of adaptive capacity, including, improved access to resources and technology, 
better knowledge and information, good infrastructure, respect for local knowledge and a 
well-functioning social system (Ribot et al., 1996, Smit and Pilifosova, 2001, Vincent, 2007, 
Yohe and Tol, 2002). Availability of many of these largely depends on an individual or 
household within the community who connects with local actor networks to overcome the 
disadvantage of size and location (McKitterick et al., 2016). Each time a farmer sells 
produce in the market or learns about novel practices there is the potential to adapt. We 
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argue, therefore, that the adaptive capacity of individuals or households is not only affected 
by these traditional measures but is also closely related to connectivity and networks 
(Cassidy and Barnes, 2012, Janssen et al., 2006).   
 
Network analysis has the potential to capture the multiplicity of relationships among actors, 
the structure and quality of networks and their contribution to adaptation rather than 
examining individuals and their attributes in isolation, (Borgatti et al., 2013, Hanneman and 
Riddle, 2005). Variation among actors is linked to the constraints and opportunities that 
arise from the way these actors are embedded in networks. The resulting network structure 
and behaviour are shaped by these local interactions (Powell and DiMaggio, 1991) and 
differences are extremely important in understanding vulnerability and adaptive capacity of 
rural communities. 
 
Network analysis can be approached from several perspectives, such as the internal relations 
within a community or on particular types of relationship. Newman and Dale (2005) suggest 
that  members of a community are bound together by a dynamic mix of bridging or external 
and bonding  or internal relations. The bridging relations extend beyond the communities 
and provide access to various resources and opportunities, strengthening members’ ability to 
adapt (Granovetter, 1973). Bonding relations, such as with family, friends and other 
community members are necessary to absorb the benefits offered through bridging ties 
(Bodin et al., 2006, Newman and Dale, 2005, Tompkins and Adger, 2004). Complementary 
bridging and bonding relations provide for greater capacity (Newman and Dale, 2005). 
Thornton and Manasfi (2010) further emphasise that not all adaptation is local, particularly 
when influenced by wider socio-ecological issues. Bridging relations determine and deliver 
adaptive capacity through numerous external actors. For example resources may flow from 
local governments or markets to communities, while knowledge on improved farming often 
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comes through civil society actors. The reality is that many agents interact with communities 
to influence their members’ network positions and, in turn, their capacity to adapt. The 
importance of external actors for building community capacity is increasingly recognised 
(Agrawal, 2010, Yaro et al., 2015). The question is not simply one of finding the right 
balance between bridging and bonding relations, but recognising contingency, the fact that 
one relation can impact another, thus altering the social fabric of a community for good or 
ill. In this research, we focus on bridging relations of rural communities with local actors to 
understand the bonding structures and their capacity to adapt.  
 
3. Research setting 
The setting for this study was a village, Orbili, in Ghana’s Upper West Region. Ghana is 
ranked as highly vulnerable to climate change, and is confronted by increasingly variable 
rains, floods, and droughts, threatening livelihoods and food security of their local 
populations (McSweeney et al., 2010). This region of Ghana (Figure 1) is considered to have 
the lowest adaptive capacity in the country because of low socioeconomic development and 
reliance on rain-fed farming (Antwi-Agyei et al., 2012). Several environmental and climatic 
conditions make the region particularly challenging for farming. Firstly, the north has one 
rainy season with a short growing season, while the south has two or three. Secondly, most 
rural farmers use manual labour that severely limits production, yield, income and food 
security. We selected Lawra District because it is home to several baseline study sites (Naab 
JB et al., 2011). Eight possible villages were shortlisted from within these sites. We visited 
each village to evaluate 1) community desire to have researchers present, 2) 
transportation/logistics, 3) size and social dynamics (a representative population), and 4) 
livelihoods and production patterns reflective of the region. 
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Figure 1: Map of Ghana showing our research site in Upper West Region  
 
 Source: Original Ghana map from: www.mapsoftheworld.com 
 
 
According to the official district records1, Lawra district has 120 villages with an average 
size of 54 households and a median of 43 households. Orbili Village, with its population of 
156 adults in 58 rural households, offered a representative setting for the SNA study. The 
community is ethnically and linguistically homogeneous and all residents are smallholder 
farmers, with few having formal employment. No farms are sufficiently productive to avoid 
coping strategies to last the long lean dry season when grain stores run empty. Orbili is 
located by the Black Volta River that divides Ghana from Burkina Faso (Figure 1), which 
allows farmers to engage in labour intensive dry season vegetable farming. The produce is 
then sold in weekly markets over three to four months of the dry season. Surveys and 
workshops identified several climate stressors such as variable rainfall and soil degradation. 
                                                      
1 Data on village households in Lawra District were provided by the District officials at Lawra  
 
Orbili Village –  
District Lawra 
 
 
 
Upper West Region 
Orbili 
Lawra District 
Black-
Volta River 
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The proximity of Orbili to the district capital of Lawra city offers ample opportunities for 
villagers to forge relations with formal and informal actors to improve agriculture. Existing 
baseline information on the area supplemented the analysis (Naab JB et al., 2011).  
 
4. Research design and methodology 
We applied a mixed methods approach of network and qualitative analysis supported by 
direct field observations (King et al., 1994), to capture the community and local actor 
networks. We collected relational and qualitative data over several months of field research 
through workshops, surveys, network mapping and detailed semi-structured interviews. 
These data were supplemented with original work on network and content analysis of the 
adaptation framework and policy documents from Ghana (Chaudhury et al., 2016b, Sova et 
al., 2014). Figure 2 illustrates the scheme of our approach. 
 
4.1. Multi-relational two-mode network design 
The social network approach allows us to present the complex interactions between Orbili 
households and local actors within one structure. The literature on SNA is broad and well 
established. Scott and Carrington (2011) and Wasserman (1994) provide a detailed review of 
the theory and methods behind SNA. For this study, we amplify SNA methodology as a set 
of nodes that are tied by one or more types of relationships (Wasserman, 1994). The nodes 
or network members represent households and external local actors, while the relationship 
between nodes refers to specific types of interactions to exchange resources and knowledge 
(Borgatti et al., 2009, Haythornthwaite, 1996, Marin and Wellman, 2011). Under graph 
theory, these social relationships are represented on graphs as points and the relations 
between the nodes as lines (Scott and Carrington, 2011). 
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 We are interested in studying the association between households’ network positions, 
shaped by their bridging relations with local actors, and their capacity to adapt. This raises a 
methodological challenge. It is difficult to observe the effect of bridging relations directly on 
the internal community structure by using conventional network techniques that capture 
internal bonding relations. To overcome this methodological dilemma, we employ a two-
mode network approach (Borgatti and Halgin, 2011, Hanneman and Riddle, 2005) that maps 
relations between two different sets of nodes rather than the more frequent one-mode 
analysis that focuses on relations within a single set of nodes. The Orbili households 
comprise one set of actors. The other set of actors are the external actors identified by 
households. According to Hanneman and Riddle (2005), one-mode analysis measures 
relations at a micro level to infer structures at the macro level while the two-mode analysis 
enables greater understanding of ‘macro-micro’ relationship. Relations are assigned between 
households if they share a common relation with a local actor. For example, if households A 
and B are connected to local actor Z, then A and B share a relation. From this two-mode 
network data we extract the one-mode community network shaped by bridging rather than 
bonding relations. Most social networks are concerned with a one-mode network, which 
offers conventional information on the actual bonding relations of households in a closed 
network. Instead the two-mode approach constructs an inferred or predicted one-mode 
closed network of possible bonding relations from their common bridging relations with 
local actors. This allows us to apply conventional network techniques to this extracted data 
to visualise and analyse households and their community (Borgatti and Halgin, 2011). The 
network and relations mapped from these two approaches are different as the data inferred 
from the two-mode data are not the same as obtained directly from households.  Hence 
caution is needed in interpreting the results of the two-mode analysis (Borgatti et al., 2013, 
Hanneman and Riddle, 2005).  
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Despite differences in the two network approaches, the inferred structure from the two-mode 
network is suitable for our analysis because we focus on the relative position of households 
within the community, and not simply on the absolute network metrics. In this way the 
inferred network allows us to peer into community structures and relations that are not 
apparent from the one-mode network analysis, thereby offering a novel insight into the role 
of local actors on community structure, household positions, and adaptive capacity. We 
supplement the network analysis with qualitative data on the households.  
 
We further take a multi-relational approach considered as a rich area of SNA (Wellman and 
Wortley, 1990). The literature identifies several determinants of adaptive capacity, such as 
access to financial, technological and knowledge resources, infrastructure, and the 
institutional environment within which adaptations occur (Ribot et al., 1996, Smit and 
Pilifosova, 2001, Vincent, 2007, Yohe and Tol, 2002). We focus on two determinants that 
are driven by external relations and important for households in rural settings: flow of 
resources and knowledge transfer. Flow of resources, such as funds for labour or agriculture 
inputs, lead to improved farm productivity and diversity that creates a virtuous cycle of 
income and investment leading to improved adaptive capacity (Howden et al., 2007, Kelly 
and Adger, 2000). Resources are located at one node, so for the relation to form, these need 
to flow from the local actor to the community members. Knowledge transfer enables 
exchange of traditional and expert ideas between households and local actors that address 
the climate risks and encourage suitable adaptive practices (Chaudhury et al., 2016a, Folke 
et al., 2002). 
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Figure 2: Scheme of research methodology  
 
 
 
4.2. Boundary setting 
The starting point is defining the boundary of the analysis to determine which actors to 
include or exclude in the network mapping. A position-based approach (Laumann et al., 
1989) is used that includes members belonging to an existing unit in the network. In our 
case, this boundary is naturally drawn around the 58 households in Orbili. A household is 
taken as the unit of analysis to capture the external relations of the whole household, rather 
than just capturing those of the individual interviewed. Individuals within the households are 
considered as one household unit if they farm together, live together or share common 
income. Typically, the head of household was interviewed (mostly male), but where the 
head was not available, another knowledgeable member of the household was interviewed. 
In total 56 households were interviewed to collect demographic data, livelihood, and 
relations with local actors (two household members were not available at the time of 
interviews). With 97% of the households covered, the social analysis assumes fair 
representation of the Orbili community. 
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Local actors are those that are independent, operate beyond the community yet have direct 
interactions with community members. Local actors that do not have any direct interactions 
with the community are excluded from the analysis even if active locally. The Orbili 
households identified a total of 13 local actors. Our analysis is also limited to the ‘first 
order’ zone of the network meaning further relations of the local actors with other locals 
although captured from interview data, are not presented in this analysis to maintain focus 
on the community structure. Community groups, such as self-help groups, agriculture 
groups and volunteers are categorised as local actors because they are distinct and formal 
units active within Orbili. These community groups offer dedicated resource and knowledge 
support to its members and hence maintain relative autonomy from the general community.  
 
4.3. Data collection & processing 
4.3.1. Community and household attributes 
We conducted a three-day community diagnostic workshop in Orbili and used follow-up 
interviews to understand the environmental and development challenges, and coping 
strategies adopted by the community. Recognising these challenges identified local priorities 
and gained buy-in by the community.  A total of 60 participants (26 men and 36 women) 
representing each of the 58 households, ranked challenges faced in farming, such as actions 
to overcome the challenges; mapped asset and institutions, and identified environmental and 
climatic challenges faced, amongst others. The four main challenges identified by the 
households were low income, low crop yield, low access to agriculture inputs and 
implements and variable rainfall.  
 
4.3.2. Relation mapping 
We developed the network analysis from the perspective of the community and therefore 
used a ‘directional’ approach to map the relations originating from a household to local 
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actors. Primary relational data was collected from the 56 households through a detailed 
interaction protocol (refer to Supplementary Data for interaction protocol form). The 
protocol captures four main aspects of the relations: length of relations, frequency of 
interactions, types of relation, and usefulness. While the first three aspects are specific, 
usefulness is open-ended to encourage discussion.   
 
The framing question “who do you regularly interact with outside of your community for 
knowledge and resources?” was a ‘name generator’ (Burt, 1984) to solicit unbiased bridging 
relations with local actors rather than presenting a list of actors. We focused on relations 
with local entities rather than with individuals within them as entities offer general and 
stable units for analysis. This free choice approach placed no limit on the number of actors 
each person could identify, which captured the network breadth and reduced measurement 
errors (Holland and Leinhardt, 1973). The households identified a total of 13 local actors. 
We focused on supportive relations rather than negative. To differentiate between perceived 
and actual relations, we asked about their length, frequency and usefulness, supported by 
recent examples. These attributes are not represented in the network structure as these were 
subjective and hence difficult to compare, but the information helped qualify interactions. 
We assigned weights to local actor relations based on their multiplicity and type using the 
equation. 
 
 W= ∑R𝑅    (Equation 1) 
Where W=weight of relation, R=type relations–knowledge and resources, (1=relation 0=no relation)  
 
The interaction protocol was followed by an hour-long semi-structured interview with the 
household head to explore the relations more deeply. The analysis was supplemented by 20 
follow-up interviews with the local actors and other prominent people to understand local 
challenges and interactions of local community. 
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4.4. Network data analysis 
Gephi version 0.82 (https://gephi.org), an open-source SNA software, was used to visualise 
and analyse the data. The software creates network maps to represent relationships 
graphically and generates statistical data. Graphs and measures were generated for the 
weighted local actor network. From the two-mode network we extracted the one-mode 
community network using the ‘multimode’ feature in Gephi. This extracted one-mode 
community network offers a picture of community bonding based on the bridging relations 
with local actors. This is different from bonding observed directly and based on friendship 
and family relations that clouds the influence of local actors on the community structure. We 
used measures of network size, density, and centrality to analyse the local actor, overall 
community and household structures (Table 1). Degree and betweenness centralities 
identified the individual households within the community structure and the centrality 
association with adaptive capacity indicators. In the extracted network this represents 
households strongly connected to local actors as opposed to households with strong internal 
bonding relations. We further used non-parametric Kendall’s tau (Kendall, 1938) to assess 
the correlation between network measures and indicators of adaptive capacity, as the data 
were based on index values and not drawn from a probability distribution.  
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Table 1: Network measures for local actor, community, and household analysis 
Network Characteristic Measure Link to Adaptive Capacity 
Local Actor Network Structure 
Network Size Network size shows the total 
number of local actors and their 
weighted relations with households  
The network size gives the overall 
number of actors, relations and types 
of relations (resources & knowledge) 
(Hanneman and Riddle, 2011b) 
offered by local actors to households 
to improve adaptive capacity 
Indegree Centrality Indegree centrality ranks local 
actors based on their multiple 
relations with households  
The indegree centrality identifies and 
ranks most prominent local actors 
that offer knowledge and resource 
support to the community and 
households to improve adaptive 
capacity 
Overall Community Network Structure (derived from local actor relations) 
Density Density is the proportion of all 
possible relations between 
households that are actually 
present in the network  
The density of a network gives 
insight on the speed that information 
diffuses between households within 
the community network.(Hanneman 
and Riddle, 2011b) High density is 
beneficial as it makes the loss of a 
single household less disruptive to 
the overall network.  
Household Structure (derived from local actor relations) 
Degree Centrality Degree centrality ranks households 
based on their relations with other 
households  
The degree centrality is a measure 
that identifies and ranks the most 
prominent households in the network 
and is a proxy for power, influence, 
trust, social learning and prestige 
(Ibarra and Andrews, 1993, 
Sparrowe et al., 2001). Centrality is 
important in times of change and 
rapid response as it improves 
coordination between households 
(Bodin et al., 2006).  
Betweenness Centrality Betweenness centrality ranks 
households on the number of times 
they act as bridge along the 
shortest path between two 
households  
Betweenness centrality links 
different subgroups that allows 
diversity in knowledge and facilitates 
learning (Hanneman and Riddle, 
2011a). However, a high degree of 
separation between households may 
undermine trust (Bodin et al., 2006). 
 
4.5. Adaptive capacity indicators 
We used detailed household surveys to collect data on adaptive capacity indicators, based on 
Vincent’s (2007) Household Adaptive Capacity Index that offers a comprehensive view of 
household structures.  Table 2 presents the adaptive capacity indicators used in this analysis 
  
19 
comprising asset ownership, livelihood, demographic structure and climate change 
awareness. While the literature identifies several indicators for adaptive capacity (Adger, 
2006, Smit and Pilifosova, 2003, Yohe and Tol, 2002), we believe that the selected 
indicators offer a good base for our analysis in view of the local realities. This analysis is a 
novel step relating adaptive capacity indicators and network metrics that offers further 
opportunity for research to identify additional indicators and metrics in a variety of contexts. 
For example, reliance on natural capital was not included as an indicator since all 
households engage in agriculture and its effects could not be differentiated. Similarly, we 
did not include social capital indicators of community group membership and meetings 
attendance, as these were captured in the network mapping. Livestock was included under 
livelihood indicator because most was simply traded rather than owned as a long-term asset.  
 
Table 1: Selected adaptive capacity indicators for households based on Vincent’s Household Adaptive 
Capacity Index (2007) 
Adaptive Capacity Indicator Unit of Indicator 
Asset Ownership  
-  Land holding 
 
Ownership in acres 
Livelihood  
- Diversity (other than dry season farming) 
- Dry season farming 
- Planned improvements in farming 
 
Number of different sources of income  
Engaging in dry season farming  
Increase in area of cultivation / improved techniques  
Demographic Structure 
- Age of household head 
- Education level of household head 
 
Years  
Education level (primary) 
Social Capital 
- Climate Change Awareness 
Understanding of local impacts of climate change on 
agriculture  
 
4.6. Assessment and management of uncertainty  
Network and social data is difficult to generate and is time-consuming especially at the local 
level since archival data does not exist. Even if it is collected, the approach raises issues of 
validity and reliability as well as ethical issues (Marsden, 1990). Having a well-designed 
methodology is important for generating credible and useful data, hence special attention 
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was given to developing thoughtful and robust methods. Most of the empirical network data 
was collected through surveys and interviews and so we identified risks and setup mitigation 
strategies to minimise the risk of errors, omissions and mistakes. The risks involved 
characteristics of the interviewee, design of questionnaire and interaction protocol, interview 
process, language and translation. Mitigation strategies included triangulation of data 
through physical observation, pilot interviews to test and refine the questionnaire, use of 
skilled translators, audio recording of interviews (with consent) and use of independent 
translators to transcribe interviews. Use of software helped keep the data processing 
objective and transparent.  
 
5. Results and analysis 
 
5.1. Local adaptation structures  
Official development initiatives in Orbili are coordinated by the district assembly in Lawra, 
the lowest unit of formal governance in Ghana, supported by the traditional system 
guaranteed under the Constitution of Ghana. The chief of the village serves as the head of 
the community and spiritual leader under this traditional system and the community 
members view him as the ‘big man’ (Johnson and Earle, 2000), who leads by example and 
provides knowledge, skill, social support and protection for the community. A district chief 
executive (DCE), appointed by the president of the country and approved by the assembly, 
is responsible for administering development funding and priorities identified by the 
assembly. Local governance is therefore a form of partnership between government actors, 
the chiefs and their people. There are, however, significant political, administrative and 
coordination challenges in Orbili (and surrounding communities). The DCE is a central 
appointment, whereas the chief is non-political that results in a lack of engagement between 
the two. Isolation of the upper west districts deters central monitoring, which reduces 
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Ghana’s efforts at fiscal and administrative decentralisation. This has produced significant 
delays in allocating funds to those working in the region, and also increased politicisation of 
the allocation. Despite the challenges, the official and traditional actors are key relations for 
the local communities to access development and adaptation resources. NGOs and market 
actors also play an active role in local development initiatives, however viewed as outsiders 
their efforts remain largely unnoticed in formal structures. 
 
5.2. The attributes of Orbili community and households  
Households ranked low income, low yields, irregular rainfall, lack of inputs and education 
as the major challenges facing them. Coping strategies included alternative income streams 
from livestock trading, employment and dry season farming, improved farming techniques 
and agriculture support from the government amongst others. Many of these strategies 
required community members reaching out to local actors for support. The district 
agriculture department, mandated with providing extension service to the community, was 
identified as the main local actor for such support. Other actors included market dealers and 
community groups. The households also seek support from family and friends.  
 
5.2.1. Asset ownership 
Nearly all households (99%) own land with an average holding of 7 acres (range 2 to 30 
acres). 25% of households own more than 10 acres. Most households also rear some 
livestock for their personal use, with few households owning large numbers.  
 
5.2.2. Livelihood 
Lack of education inhibits most villagers from gaining employment, with less than 10% 
formally employed. Households engaged in limited small-scale businesses during the year 
including charcoal production, brewing, and other services. The main household livelihood 
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is rain-fed farming, dry season gardening, and livestock trading. Two-thirds of the 
households engage in 3 or more of these activities. Most, however, are trapped in a vicious 
cash flow cycle of using farming income to fund dry season farming and vice versa. The 
urgency to raise funds for inputs for the next harvest forces many households to flood the 
local market with low priced produce. 
 
5.2.3. Demography 
The average age of the household head is 43, (range 22 to 80 years). 33% of household 
heads are aged over 45. Shortage of mechanised implements (only 2 tractors were available 
in the entire district) and poor soils, forces households into intensive manual labour farming. 
This inhibits many older farmers from engaging in dry season farming, a vital income source 
in the dry season. We observed a strong negative correlation between the age of the 
household head and dry season farming (Kendall’s tau = -0.4, p<0.001). Over 90% of the 
household heads have no formal education. The school Orbili children attend is 
underperforming, resulting in low literacy.  
 
5.2.4. Social capital 
The community is ethnically and linguistically homogeneous. All members are ethnic 
‘Dagao, Degaari’ speakers, except for a few women who have married into the village from 
the south of the country. All men in the village were born and raised there, signifying a high 
degree of kinship. The members actively participate in community self-help groups to 
support agriculture, women and youth issues, and offer small loans. All members also 
regularly attend meetings organised by the chief to solve community challenges and 
exchange information. The majority practice traditional religion and about one-third also 
attend church, identified as a source of knowledge and wellbeing. Over 85% of households 
showed some awareness about impacts of climate change on farming.  
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Overall the community is socially connected, although we observed significant variations in 
the different types of assets, attributes and capital possessed by each household. 
 
5.3. The structure of local actor network  
Figure 3 and Table 3 illustrate the network map and ranking of local actors for the multiple 
knowledge and resource relations with the Orbili households. In total, the 56 households 
mapped interact with 13 local actors generating 192 direct bridging relations that translate to 
302 weighted relations. The mean sum of weighted relations per local actor is 23 (median 
12:  range 1 to 76). 
 
Figure 3: Indegree Centrality - Network map of weighted local actors bridging relations for 
knowledge and resources with households.  
 
Note: Nodes on the map represent the 56 households and 13 local actors - red for local actors, and 
black for community members. The node size of local actors is proportional to the number of 
weighted relations connected to the node. The node size of household is set at minimum level since 
no relations connect into them 
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IDE group emerges as the central local actor in the combined knowledge and resource 
network connecting it to 38 households. These 38 households grow vegetables in the dry 
season employing manual labour and are supported by IDE, an international NGO active in 
Orbili. IDE facilitates funding, knowledge, and expertise on farming techniques to dry 
season farmers by connecting them to local banks, identifying new markets, and aggregating 
produce. IDE’s central role demonstrates how highly households value this resource that 
helps them decouple the funding trap of using farm income for dry season growing in the 
face of uncertain rains.  
 
The next rank is market dealers that offer important access to agricultural inputs through 
commercial transactions and knowledge support. Self-help groups for agriculture, women, 
and welfare rank third, as many community members take part. The community groups 
provide much needed buffering through saving and pooling schemes in times of financial 
stress along with exchanges on farming techniques and financial management.  
 
The district agriculture department ranks only fifth in the network linking it to 12 
households, despite its official role as the knowledge hub for agriculture and policy. A 
frequent explanation offered by the agriculture department for this lack of engagement is 
shortage of extension officers due to a lack of funds and a national employment freeze. 
There is provision for 20 posts but only 10 officers service the district. Chronic delays, by 
the centre, in releasing district funds further reduces the effectiveness of an already 
understaffed department. The first quarter budget for 2012, for example, was released in last 
quarter of 2012. The V2 group and NGOs only offer targeted support rather than reaching 
out to the wider community. Interestingly, the two formal governance actors responsible for 
community administration and development, the traditional authority of the paramount chief 
and the district government represented by its elected assembly representative are ranked 
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bottom at 11th and 13th connected with only 1 household.  This lack of interaction is despite 
Orbili’s proximity to the district centre, implying that the district government fails to capture 
the needs of the local community. The traditional paramount chief is only connected to the 
village chief highlighting the hierarchical structure of the traditional system.  
 
 
Table 2: Ranking of local actors based on total weighted indegree and for each type of external relation with 
the households.  The top ranked actor in each category is in bold  
 Local Actor 
Particulars 
 
 
Local Actor 
Group 
Households 
with 
Relations  
Weighted 
Indegree 
(Fig 3) Rank 
Knowledge 
Network 
(Fig 4a) Rank 
Resource 
Network 
(Fig 4b) Rank 
Total Relations 
 
192 302   147   155   
Mean  15 23  11  12  
IDE Group Civil-society org 38 76 1 38 1 38 2 
Market Dealers Private sector 44 55 2 12 4 43 1 
Comm Self-Help Groups Cooperative 31 53 3 25 2 28 3 
Comm Agric Group Cooperative 24 46 4 23 3 23 4 
District Agric Dept Local govt 12 17 5 12 5 5 5 
Comm Volunteers Cooperative 12 13 6 12 6 1 10 
Church Civil-society org 11 12 7 9 7 3 8 
NGOs Civil-society org 9 12 8 7 8 5 6 
V2 Group Civil-society org 5 10 9 5 9 5 7 
Job Orgs Private sector 3 4 10 1 10 3 9 
Paramount Chief Traditional actor 1 2 11 1 11 1 11 
Political Parties Political parties 1 1 12 1 12 0 12 
Assembly Rep Local govt 1 1 13 1 13 0 13 
 
 
Focusing exclusively on the overall weighted network may obscure the importance of some 
low ranked actors who are critical for specific help. Table 3 and network maps reflect that 
knowledge (Figure 4a) is more broadly acquired from local actors, whereas resources 
(Figure 4b) are concentrated on four actors with the rest offering very limited or targeted 
assistance. IDE is the most central actor in the overall network, but in the resource networks, 
market dealers take on the more central role, signifying their importance as providers of key 
inputs, especially in the face of uncertain rains and shortages of inputs.  
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Figure 4: Network map of local actors bridging relations for knowledge and resources with 
households  
Knowledge Network (4a)  
 
 
Resource Network (4b) 
 
Note: The node size of local actors is proportional to the number of relations connected to the node. 
The node size of household is set at minimum level since no relations connect into them  
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We observe that offering resources and knowledge together by local actors is strongly 
correlated (Kendall Tau -K=0.652, p<.01). Thirty-eight equal resources and knowledge and 
resources relations with IDE group, 28 resource and 25 knowledge relations with 
community self-help groups and 5 equal resources and knowledge relations with V2 group. 
Even market dealers that primarily offer resources, sometimes offer knowledge. This 
highlights that resource actors normally offer complimentary knowledge on using the 
resources, questioning the effectiveness of one without the other. The successful uptake of 
IDE dry season farming by the community is attributed to the right combination of 
knowledge and resources, making it practical for farmers to adopt and implement 
recommendations.  
         
 
5.4. The structure of household network  
The network maps 5a and 5b illustrate household centrality based on the degree and 
betweenness centralities in the network. The Orbili households appear strongly connected 
through their common relations with local actors. The one-mode community network 
extracted from the two-mode weighted network maps bonding relations of households, even 
when these are not observable directly (Borgatti and Halgin, 2011), and hence typically 
yields a higher density than one-mode networks based on relations that people claimed. 
Although the community as a whole appears densely connected, we observe a wide 
variation. The top-ten central households are on an average connected to 25% more 
households than the bottom-ten. Many of the bottom ranked households also have limited 
bridging relations with local actors thereby reducing bonding relations with other 
households. (Refer to Supplementary Data for details of households and relations.) 
 
Analysing the degree centrality (Table 1 and Figure 5a), KW (Box 1) emerges as the most 
central figure and household in the community connected to all 55 households through 9 
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local actors. At the lower end, BD and LN (Box 2) are connected to only 11 households 
through 1 local actor. The betweenness centrality (Table 1 and Figure 5b) shows a more 
skewed picture of the community network with prominence of fewer households than in 
degree centrality, because of the wide variation in local actor connections. KW again 
emerges as a central figure, due to his relations with many varied local actors, however other 
central households become less prominent. The central households can offer others links to 
actors that they are not connected to, such as the V2 group and the district agriculture 
department. Although the chief (Box 3) enjoys a strong presence in the community because 
of his position as head of the community, in reality, the network graphs show that he is not 
well connected externally.  Paradoxically, as a household, the chief ranks 40th out of the 56 
households in the betweenness centrality ranking, as he is connected to only 4 local actors 
similar to most other households. Our interview data confirms that local actors and 
households view the chief as a fellow community member in need of similar resources 
rather than an expert with the ability to support the community in agriculture. Nevertheless 
the chief offers potential links between the community and the paramount chief, as he is the 
only conduit to the paramount chief. When household nodes are examined for their external 
relations, a much clearer picture emerges of the prominence of some within the network and 
their bridging potential.  
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Figure 5: Network map of household centrality extracted from bridging relations with 13 local 
actors.  
Degree Centrality (5a)     Betweenness Centrality (5b) 
  
Note: Nodes on the map represent 56 households, connected through 2,626 inferred relations with a 
density of 0.853. Initials of the household head are used for ease of presentation (obtained consent 
for using personal identifiers). The relations between the households are weighted to represent 
multiple relations. The node size and darker colour are proportional to centrality of the household.  
 
Box 1: Profile of most central household – KW    
Profile of KW Household 
KW is the head of the most central household in Orbili, connected to 9 out of the 13 local 
actors active in the community. Through these local actors, he has common connection with 
all other 55 households in Orbili. KW is a male farmer, aged 31 with some formal education. 
He owns only 3 acres of land but productively engages in modern rain-fed ridge and dry 
season farming. To supplement his income, he engages in 5 livelihood schemes of farming, 
dry season farming, livestock, employment and trading, against the average of 3 in Orbili. He 
is the secretary of the community volunteers, one of the only 5 model farmers for V2 
livestock project, part of the IDE group, employed full time and a frequent visitor to the 
district agriculture department amongst other connections. Most households identified KW as 
a key source for external knowledge and connections. Faced with common community 
challenges of unpredictable rains and lack of inputs, KW has negotiated these through land 
improvements and crop management strategies. He acts as a model farmer for the district’s 
new initiatives. He attributes his success to his seriousness in acquiring knowledge from local 
actors and experimenting with the learned strategies.  
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Box 2: Profile of least central household – LN 
Profile of LN Household 
LN is the head of the least connected household in Orbili, who only shares common 
connection to local actors with 11 households. LN is a male farmer, aged 45 with no formal 
education. His main livelihood activity is managing livestock owned by his brother who 
resides outside Orbili. In return, he is offered limited food and financial support. Livestock 
activity takes most of his time and attention, as he has to ensure that the animals do not 
encroach on other farms. As a result, LN has practically no relations with the local actors, 
except limited interactions with the district agriculture department for gaining knowledge on 
improved agriculture practices. His farming activities are for household consumption. He is 
not part of any community groups and offered no coping strategies for overcoming 
unforeseen financial and environmental challenges.  
 
 
Box 3: Profile of Orbili Chief 
Profile of Chief Household 
The chief is a male farmer, aged 60 with no formal education. He is the traditional head of 
the community and a spiritual leader. He is the focal point for all external activities planned 
in the community. All community members regularly attend his monthly meetings organised 
for sharing information. However, when viewed as a household, the Chief ranks much lower 
in the community network at 31st and 40th out of the 56 households in degree and 
betweenness centralities, He is connected to only 4 local actors but is the only actor within 
the community connected to the paramount chief thus is the community’s bridge in the 
traditional system. He owns 10 acres of land and engages in rain-fed and dry season farming 
and livestock rearing. He also earns income from performing administrative duty as the chief. 
He is part of the IDE dry season farming group, but not the community agriculture group. He 
is aware of climate change and has experienced it first hand through changes in rain patterns 
and increased wind speeds. 
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5.5. Household connectivity and adaptive capacity  
To examine the link between household connectivity and their capacity to adapt, we tested 
the association between centrality of households and the selected adaptive capacity 
indicators (Table 2). Table 4 shows the correlation between degree and betweenness 
centrality and indicators. 
 
Table 4: Relationship of adaptive capacity indicators and networks measures of households 
Adaptive Capacity Indicator Degree 
Centrality 
Betweenness 
Centrality 
Asset ownership    
-Landholding in acres K=0.053 K=0.048 
 p=0.600 p=0.627 
Livelihoods   
-Diversity of livelihood 
(excluding dry season farming) 
K=0.291 K=0.217 
 p=0.007 p=0.041 
-Dry season farming K=0.356 K=0.339 
 p=0.002 p=0.003 
-Improvements planned in farm  K=0.029 K=0.089 
 p=0.806 p=0.439 
Demographic structure   
-Age of household head K=-0.305 K=-0.28 
 p=0.074 p= 0.004 
- Education level K=0.125 K=0.084 
 p=0.087 p=0.471 
Social capital   
Climate change awareness K=0.074 K=0.042 
 p=0.524 p=0.721 
 
Note: Relationships significant below 0.01 level are in bold -  K = Kendall’s tau 
 
 
 
Landholding is generally an important indicator for adaptive capacity as it enables farmers 
to produce more. We did not observe a significant correlation between land holding and 
centrality of the households. KW, the central household, for instance, owns 3 acres of land 
against the household average of 7 acres. A possible explanation for this lack of relationship 
is that for poor households’ farming activity requires the right combination of relations in 
the right order (Füssel and Klein, 2006).  The district agriculture department offers 
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knowledge about improved farming methods with 12 relations but uptake is low in the 
community because the department offers few complementary resources, (only 5 relations). 
Farmers seek knowledge and resources together and hence many larger landholders do not 
seek external relations when the offer is limited. In fact over 90% of households were self-
funding farming activities, and over one-third planned to reduce the land cultivated in the 
next season for lack of external support. 
 
We observed a significant correlation between centrality of households and diverse 
livelihood and dry season farming. However, planned farming improvements, such as 
modern cropping techniques and expanding cultivation area did not correlate with centrality, 
which may indicate that farmers plans are independent of external influence. Having direct 
connections with multiple local actors offers households new knowledge, opportunities and 
accompanying support, thus creating a virtuous cycle of social learning, growth and rich 
relationships.  Our local actor network analysis shows that IDE supports over two-thirds of 
households with dry season farming. Connected farmers acquire similar knowledge and 
resources from IDE to grow the same crops, share best practices and ultimately command 
higher pricing through pooled production.  
 
The result is improved adaptive capacity for IDE group members.   However, this high 
dependence on IDE can also increase vulnerability if diversity is lost. Granovetter (1973) 
argued that multiple bridging relations, as opposed to few strong ones, are a potential source 
of new information and innovation because they help actors connect with others currently 
unconnected. Strong relations offer similar information with many short paths between the 
actors through their common relation. The community experienced serious pest infestation 
in their vegetable gardens. All farmers were cropping the same vegetables and employing 
similar practices, encouraged by IDE, so pests spread quickly leading to significant crop 
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destruction. Only one farmer, KW, coped with this infestation. From follow-up interviews, it 
transpired that KW, a central actor, had planted some different vegetables that survived the 
infestation. KW had several bridging ties, especially for knowledge, such as with the V2 
livestock group and district agriculture department that the others did not. This allowed KW 
access to novel information through his various sources and enabled him to take risks, 
diversify, innovate and be more successful (Borgatti and Lopez-Kidwell, 2011, Perry-Smith 
and Shalley, 2003).  
 
We observed a significant negative correlation between the age of the household head and 
centrality. In human systems, especially in subsistence agriculture, the age of farmers is a 
barrier to growing their network. Household heads aged over 45 average 15% and 50% 
fewer relations with other households and local actors respectively than their younger 
counterparts. This difference arises from the physical effort required for farming, especially 
in the dry season that inhibits them from doing anything else. Only 60% the household 
heads aged over 45 engaged in dry season farming compared to 100% under 45. The older 
farmers, therefore, miss the important IDE support facilitating funding and improved 
techniques to improve profitably. This then implies that if households fail to forge relations 
for resources it also stops them gaining knowledge about improved techniques and so 
become marginalised and vulnerable.  
 
We did not observe any significant correlation between the centrality of households and 
their education level or their knowledge of climate change. Education in the community is 
low and so we were unable to observe its impact on the centrality of the household. 
However, the five better educated households in Orbili averaged 5 more relations than the 
others. Over 85% of the households claimed some understanding of the impacts of climate 
change upon farming especially that of variable rains. However, this awareness did not link 
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to their centrality, partly because the district department of agriculture offered so little 
resource support that few households reached out to it.  
 
In summary, network centrality informs some variation of adaptive capacity among 
households, while others such as asset ownership appear to be independent. Measuring both 
degree and betweenness centrality highlights the significance of some of the households 
through their diverse relationships but also as important conduits in the network for other 
that are less well connected. 
 
 
6. Discussion 
We demonstrate the utility of SNA for examining the bridging relations between Orbili 
households and external local actors. The results and analysis offer unique perspectives into 
the community structure, relative capacity of households to adapt, the role of local actors 
and the potential entry points for effective adaptation planning. The process is highly 
informative, although how effective these relations are in improving adaptive capacity 
requires careful longitudinal study beyond the scope of this project. Some of the pertinent 
factors are discussed below.   
 
6.1. Bonding and bridging relations, and household stratification 
Our analysis shows that Orbili households are bound by a dynamic mix of bonding and 
bridging relations. The community is ethnically and linguistically homogeneous highlighting 
strong bonds and yet we see significant variation in the bridging relations with local actors. 
As discussed earlier bonding relations are important for improved social capital, but it is 
through bridging that communities gain access to resources and opportunities not available 
locally. More bridging relations open up potential pathways to adaptation for households 
and improve their ability to link adaptation modes (mobility or diversification, for 
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example) in synergistic ways. This helps connected households diversify their livelihoods, 
and break free from the resource constraints. For example, KW, the central household, has 
diversified income through acquiring knowledge from multiple local actors and 
experimenting with the learned strategies. 
 
However, bridging relations can have an even greater impact on the community by 
influencing its very structure. Growth and preferential attachment mechanisms are common 
to a number of complex networks.  Barabasi and Albert (1999, p510) conclude that as the 
network grows the older and connected nodes “increase their connectivity at the expense of 
the younger ones, leading over time to some [nodes] that are highly connected, a ‘rich-get-
richer’ phenomenon that can be easily detected in real networks”. This has important 
implications for adaptive capacity because relations with households are also often created 
by decisions of local actors, “based on information that is biased towards the more visible 
(richer) irrespective of the nature and the origin of this visibility” (Barabási and Albert, 
1999, p512). These central nodes are also perceived to have a much higher status (Lincoln 
and Miller, 1979). We witnessed this phenomenon in Orbili, as local actors often nominate 
the more connected households preferentially for new initiatives. KW, for example, the 
central household, is identified by the district agriculture department as a reference farmer 
for most initiatives in the village, hence is connected to 9 local actors and is part of the most 
groups and activities in Orbili. Preferential attachment causes significant variations in 
household positions in the community structure, as many of those lower ranked don’t enjoy 
as good access to resources and knowledge, leading to variable adaptive capacity within the 
community. Several households expressed frustration at not being selected in the IDE group 
or not having links with the agriculture department, due in part to their lack of visibility. It is 
by viewing the community structures through the effect of bridging relations that we can 
begin to observe these variations, which in turn helps improve designs for effective and 
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equitable adaptive strategies. However, more research and long-term observation is needed 
to understand better the effect of local actors on community structures. 
 
6.2. Linking household connectivity and adaptive capacity 
The social network data shows that households that are better connected to local actors have 
diverse livelihoods. These central households are exposed to more information and 
knowledge and are thus in a stronger position to grasp opportunities. Taking an individual 
approach, one may attribute central households’ higher adaptive capacity to their personal 
attributes such as age and education, but it can also be argued, based on the relational 
analysis, that it is their central position with bridging relations that connects households to 
vital and diverse sources of information that produces their higher adaptive capacity. 
Multiple bridging relations appear more important in improving adaptive capacity by 
offering numerous opportunities for diversification. By contrast, possessing only a few 
relations, even if strong, can increase vulnerability, as we observed in Orbili. However, 
bridging relations are biased towards younger farmers, as centrality drops with the age in 
Orbili. Support provided by some local actors, such as IDE’s inputs for dry season farming, 
is not targeted towards the physical or mental needs of older farmers and so restricts their 
participation. This exacerbates stratification within the community and may lead to 
differential adaptive capacities between the younger and older household heads. A 
traditional approach might consider age as a particular vulnerability and hence prioritise 
help to the old.  But the network analysis demonstrates that one possible reason for 
vulnerability amongst the elderly is a lack of connections to relevant local actors, which can 
be addressed specifically.  
 
Our network analysis also highlights that connectivity of Orbili households through the local 
actor relations is not linked to some traditional adaptive capacity indicators, such as asset 
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ownership, education and climate change awareness. Owning more land offers little 
advantage in improving the household’s capacity to adapt in the absence of support from 
local actors.  In fact cultivating more land increases the financial risk of crop failure. 
Awareness of climate change without tangible external support again offers little incentive 
to resource poor farmers to adopt adaptive measures. 
 
Research also indicates that actors entrenched in the network, may not necessarily benefit 
from bridging relations, beyond that already acquired (Perry-Smith and Shalley, 2003). If 
centrality of an actor is too high, stress and conflict can become overwhelming and 
constraining (Perry-Smith and Shalley, 2003). The network graphs in Figures 5a and 5b 
show that KW is the most central household due to his wide relations with local actors.  
Most households identified KW as a key resource. Some went so far as to say that without 
KW they are in ‘complete darkness’. While KW’s relations reflect a greater adaptive 
capacity, increasing them could overwhelm him and reduce his effectiveness. For example, 
KW’s offer to act as a teacher for a new school was short lived and he stopped teaching after 
a few months, citing illness. His role as a model farmer for the V2 project, demonstrating to 
others and liaising with the V2 team, was time-consuming and so reduced his own 
productive farming. Increasing the burden on well-connected actors may not increase their 
productivity to the same extent as those less connected and with more time.   Strategies that 
rely on lead farmers as key knowledge disseminators need care to avoid overburdening these 
essential actors. For a network to deliver better adaptive capacity as a whole, it is important 
that bridging relations are more evenly distributed amongst the members, rather than 
concentrated within a few.  
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6.3. Identifying entry points for adaptation pathways 
As adaptation moves to implementation, it is important to identify effective entry points for 
policy action into the local community through local actors. A traditional social capital 
analysis may well identify the chief as the main actor because of his traditional position and 
authority. While this may be true for some communities (Stein et al., 2011), our study shows 
otherwise. The chief’s household, is ranked low in the Orbili community network based on 
centrality yet assumes a vital bridging role (Burt, 2002, Granovetter, 1973), connecting 
others with traditional governance of the paramount chief. The paramount chief, as the 
traditional head of the region, is influential in lobbying government for resources and 
development for his region. The strict traditional hierarchy, however, prevents ordinary 
villagers from accessing the paramount chief directly. Our results show that the chief is a 
poorly connected entry point or bridge into the community because his weak centrality lacks 
sufficient exposure in the community network so weakens his role in shaping adaptive 
capacity. The chief has no contact with the district agriculture department or the district 
assembly, identified by over 60% of households as important local actors for accessing 
official resources and knowledge. There are many other higher ranked households than the 
chief that have more relations with local actors and hence a potentially better grasp of the 
benefits and challenges of the community but lack direct access to the paramount chief to 
share this information directly. Our data suggests that enhancing the chief’s connections 
would improve his and his community’s adaptive capacity substantially. The network 
approach helps identify local entry points through observation rather than assumption. It also 
identifies particular weaknesses that can be remedied and delinks that can be enhanced. This 
structured network approach can be scaled up and replicated in wider settings. 
 
A frequent criticism of adaptation programmes is that efforts are fragmented and operate 
through isolated, uncoordinated projects. They perform well initially but collapse once the 
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stream of resources ends. Our study clearly demonstrates the essential adaptation role of a 
few key households and local actors, such as KW and IDE and therefore a serious potential 
weakness to delivering adaptation. The end of the IDE project, or the loss of KW through 
injury or illness would degrade Orbili’s adaptive capacity. Therefore, identifying vulnerable 
points allows resilience and linkages among actors to be fortified.  
 
6.4. Limitations and ways forward 
However comprehensively relational data is collected, no network analysis is without 
limitations. The SNA in this study offers a complex, systemic view but at a single point in 
time that potentially overlooks the dynamic nature of relationships and networks (Tang et 
al., 2009, Tantipathananandh et al., 2007). However, attempts at dynamic studies raise the 
difficulty of defining when relationships start, change, and end (Doreian and Fararo, 1998). 
The creeping pace of development in the region slows changes in relationships and so does 
not invalidate our analysis. The network structure studied is also specific to Orbili and may 
be different elsewhere and even close by. While our conclusions are based on the specifics 
of Orbili, they have general applicability to providing adaptive capacity. Furthermore, we do 
not capture direct family and friendship bonding relations in the community. Such bonding 
networks offer interesting research opportunities for studying social capital and social 
learning but are beyond the scope of this paper. The true novelty of our research lies in 
studying implied and masked community structures shaped by bridging relations with local 
actors. Although, such community structures are inferred and different from those based on 
actual bonding relations within communities, our two-mode approach offers interesting 
opportunities for studying and comparing the two structures to improve adaptation planning. 
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7. Conclusion: Enhancing Networks to Improve Adaptive Capacity 
This study offers a deeper understanding of rural community structures and adaptive 
capacity beyond individual vulnerability. Our data shows that a household’s capacity to 
adapt and its network position is linked, but it is difficult to be certain that connectivity leads 
to improved adaptive capacity or whether greater capacity allows households to be more 
connected. They suggest, however, that close relations with local actors improves responses 
to environmental change and associated problems (Walker et al., 1993), which can enhance 
household capability (Sen, 1984) and, in turn, influence adaptive capacity.  These local 
networks also provide important links to distant planners and other resources necessary for 
effective adaptation implementation. This research provides a step towards establishing a 
link between networks and adaptive capacity and recognising their importance in rural 
community settings. By drawing community networks based on the external relations, we 
gain a clearer picture of the community structure, centrality and stratification of households, 
the role and changing position of local actors, and redundancy of networks in the social-
ecological system. SNA complements institutional analyses of frameworks by showing the 
nature of evolving adaptive (or maladaptive) relations within the system.  When combined, 
such a multi-pronged analysis could help optimise precious resources and time by ensuring 
that planning and implementing adaptation policies remains flexible, broad and resilient, 
rather than overly dependent on specific relations, institutions or actors.   
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SUPPLEMENTARY MATERIAL 
 
Appendix 1 – Average Household Head Profile in Orbili Village, Upper West Ghana 
 
 Attribute Average* 
Household Head 
Range 
Gender Male Majority of household heads are men supported by women 
Age 43 22-80 
Land Ownership Owned 99% self-owned 
Land (Acres) 7 2-30 
Education  No Over 90% have no formal education 
Farming Activity Rain fed farming and 
dry-season vegetable 
farming 
Major crops - Maize, millet, groundnuts and vegetables 
Income Source  3 or more sources of 
income 
~65% have 3 or more sources of income from farming, 
vegetable farming, livestock, labour, charcoal, trading and 
employment 
Main Farming Challenges Unpredictable rains, 
lack of access to tractors 
and shortage of funds 
for labour  
Rains, tractors, soil fertility, funding for labour & fertilizers, 
pests, winds and seeds 
Improvements planned on 
farm 
Better land management 
practices  
71% planning improvements for land management, ridges 
tractors, livestock and fertilizer management 
Source for addressing 
farming challenges 
Self-help, agriculture 
department and 
community members 
Self-help, community members, agriculture department, NGOs, 
market dealers and god 
Funding source for farming Self-funded 75% self-funded with limited support from NGOs, community 
groups and agriculture department 
Climate Change Awareness Yes 87% aware of climate change impacts on farming 
Source for climate change 
awareness 
Radio and community 
members  
Radio, community members, market dealers, church, self-
observation, elders and NGOs 
 
*Average based on top 2-3 answers or identified by over 50% of household heads. Source: Authors primary data on 97% 
community coverage (n=56). 
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Appendix 2 – Household Attributes and Relational Data  
 
 
 
Appendix 2 presents selected household attributes, bridging relations and centrality 
measures of households for testing correlation (Kendall Tau). The data was collected 
through surveys, semi-structured interviews, interaction protocol, and community 
workshops. The households are ranked based on the centrality measures of degree and 
betweenness, extracted from their bridging relations with local actors. 
 
 
Ranked 
by 
Degree
Name 
(Initials) Gender Age
Education 
(1=primary, 
0=none)
Land Size 
(Acres)
Livelihood 
Diversity 
(No of 
sources)
Dry Season 
Farming  
(1=yes, 
0=no)
Knowledge 
of Climate 
Change 
(1=yes, 
0=no)
Total 
Relations 
with Local 
Actors
Total 
Relations 
with 
Households-
Degree 
Centrality
Betweenness 
Centrality
1 KW M 31 1 3 5 1 1 9 55 15.41
2 RD M 45 0 4 3 1 1 5 55 15.41
3 BM M 37 0 3 2 1 1 6 55 15.41
4 UD M 32 0 8 3 1 1 6 54 14.24
5 DZ F 36 1 15 4 1 1 8 53 5.56
6 NW M 54 0 3 3 1 1 4 53 5.56
7 KN M 35 0 5 3 1 1 4 53 5.56
8 YS F 30 0 4 4 1 1 5 53 5.56
9 EY M 26 0 8 2 1 0 5 53 11.70
10 TG F 25 0 6 4 1 1 5 53 5.56
11 KK2 M 75 0 6 2 1 0 5 52 11.40
12 IB M 60 0 6 3 1 1 4 52 4.64
13 MD M 45 0 10 4 1 1 3 52 4.64
14 MA M 35 0 10 4 1 1 5 52 10.20
15 GL M 30 0 5 2 1 0 5 52 10.20
16 IT M 29 0 10 3 1 0 3 52 4.64
17 IK M 24 0 5 4 1 0 3 52 4.64
18 IN M 22 0 10 3 1 1 4 52 10.20
19 ED1 M 29 1 10 2 1 1 5 51 4.40
20 IG M 70 0 13 1 0 0 4 51 3.21
21 GN M 46 0 4 3 1 0 3 51 4.40
22 PS M 37 0 3 3 1 0 3 51 4.40
23 MB M 37 0 4 2 1 0 3 51 4.40
24 NK M 33 0 7 5 1 1 5 51 2.76
25 MY M 32 0 16 4 1 1 4 51 4.40
26 NS M 23 1 15 4 1 1 3 50 1.65
27 NR M 48 0 3 3 1 1 4 50 1.65
28 ZK M 45 0 4 2 1 1 3 50 1.65
29 BN M 40 0 5 2 1 1 4 50 1.65
30 GS M 35 0 8 3 1 1 3 50 1.65
31 Chief M 60 0 10 4 1 0 4 49 0.94
32 KI M 60 0 6 2 1 1 2 49 0.94
33 NS1 M 50 0 30 3 0 0 2 49 0.94
34 ET M 48 0 6 2 1 1 2 49 0.94
35 ED M 40 0 9 3 1 1 2 49 0.94
36 KG M 38 0 4 2 1 1 3 49 0.94
37 KY M 33 0 6 3 1 1 2 49 0.94
38 KM M 26 0 5 3 1 1 2 49 0.94
39 DN M 60 0 5 1 0 0 4 48 3.69
40 GN1 M 49 0 7 2 1 1 4 48 3.20
41 NA M 40 0 3 2 1 1 3 48 0.87
42 MD1 M 35 0 9 2 1 1 4 48 3.20
43 TK M 30 0 2 4 1 1 4 48 2.23
44 ND M 36 1 4 2 1 1 2 47 0.74
45 WG F 50 0 3 2 1 1 2 47 1.17
46 KK1 F 33 0 6 5 1 1 2 47 0.74
47 DI M 27 0 2 3 1 0 2 47 0.74
48 KK3 M 50 0 2.5 2 1 1 1 43 0.00
49 DY M 45 0 6 3 1 1 2 39 5.60
50 DZ1 M 70 0 8 2 0 1 1 37 0.00
51 DK M 60 0 6 1 0 0 1 30 0.00
52 KK M 50 0 1.5 1 0 0 2 27 0.36
53 GT M 48 0 10 2 1 0 2 25 0.13
54 ZD F 60 0 5 1 0 1 1 23 0.00
55 BD M 80 0 5 0 0 0 1 11 0.00
56 LN M 45 0 10 3 1 1 1 11 0.00
5 384 48 39 2626 -              
42 -              7 3 -              -              47 4.05
14 -              5 1 -              -              10 4.3
Total
Mean
SD +/-
  
49 
Appendix 3 – Bridging Relation Data Collection Protocol Form 
 
 
NAME OF INTERVIEWER:  
 
START TIME:                                 END TIME: 
 
DATE OF INTERVIEW: 
 
HEAD OF HOUSEHOLD Y/N 
 
NAME OF INTERVIEWEE:                                                       
 
AGE: 
GENDER: 
 
VILLAGE: INTERVIEW NO: 
 
Framing Question to Household: Whom do you regularly interact with outside of your 
community for knowledge and resources? 
 
 
 
 
Local Actor (1) Local Actor (2) Local Actor (3) Local Actor (4) 
 
Length:  
How long have you known 
this actor? 
  
Follow up: When did you 
last meet this actor? 
    
 
Frequency: 
How many times do you 
interact with this actor per 
month /year?  
    
 
Type:  
What is the purpose of 
interactions? Please describe 
 
1-Knowledge 
2-Resources 
 
 
 
 
 
 
 
   
 
Usefulness: 
Do you find the interactions 
useful? 
(Please ask for details about 
interaction and specifics on 
the usefulness of 
interactions) 
 
Note: Ask about last 
interaction with local actor? 
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Appendix 4 – Sensitivity of Community Network Structure  
 
To understand the sensitivity of the community network structure to relations with local 
actors, we applied the redundancy measure i.e. the buffering capacity of the community 
network in case of loss of an actor. High redundancy shows that if an actor is lost, others 
can fill the position and continue functioning without disrupting the network, thus leading to 
more stable structure (Bodin et al. 2006).  We iteratively removed local actors from the 
network, starting with the most central actor, and observed the impact on the density of the 
extracted community network (figure a). We repeated this process removing central 
households from the extracted community network (figure b).  
 
Figure a shows a steep slope of the density curve. By removing only two local actors from 
the network, the density of the community network drops significantly to almost half. This 
leads to a fragmented network with many households no longer interconnected, highlighting 
that the community network structure is highly sensitive to the work of local actors. Figure 
b on the other hand shows a much flatter density curve.  Removing the central households 
from the network does not significantly affect the density of the community structure. Many 
links in the network makes the loss of a household less disruptive. While the departing 
household would lose its network position and the associated benefits, the extracted one-
mode community structure remains intact and densely connected as many other households 
offer potential shortest paths to other households through the local actors.  
 
Supplementary Figures: Impact of removing local actors and households (starting with the most 
central) on the density of the community network 
 
 
   (a)      (b) 
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